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Abstract. In the present paper, we report results from liquid-liquid extraction-spectrophotometric experiments on
two different systems, each of which containing tungsten (VI), a 2-hydroxy-5-chlorothiophenol (H,L), and 2-(N,N-
dimethylaminomethyl)-4-chlorphenol (AP;) or 2-(N,N-dimethylaminomethyl)-4-bromphenol (AP,). In the complex
formation with H,L, tungsten (VI) is reduced to tungsten (V) by the reagent itself. This fact was also confirmed by ESR
spectrometry. Extraction of mixed ligand complexes is maximal at pH 4,1-5,2. The absorption maxima of the mixed-
ligand complex (MLC) W(V)-L-AP'? lie in the range of 476-480 nm. Molar coefficients of absorption make (2,0—
2,8)-10%. The optimum amount of AP for the maximum binding of the anionic hydroxyl thiophenolate complex of tung-
sten [W(V)-L] into an ionic associate was determined by varying the quantity of AP added. For the formation of MLC
W(V)-L-AP'?, the concentration of 1,2-103 mol/l of H,L and 2,0-10~* mol/l of AP'? in the solution is required. MLC
of W(V)-L-AP"? were stable in aqueous and organic solvents and did not decompose for three days, and after extrac-
tion, more than a month. The maximum absorbance is reached within 5-8 minutes. Beer’s law is obeyed over the con-
centration range 0,10-18 pg W(V)/ml. The method is free from common interferences. The proposed method were ap-
plied to the determination of tungsten in steel and samples of soil.
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Kommekcsl Boabdpama (VI) ¢ 2-ruapokcu-5-xjaopTuopenonom
B IPUCYTCTBMU AMMHO(]EHO0/10B M X IPUMEHEHHUe

Aun 3an orasi 3an0s !, dapman Fusic orasl Inpunos 2, lapeana Cusixnap kei3el Cadaposa
! Azep0alikaHCKUI TOCYIapCTBEHHBIIA IIeJarOTHYeCKU YHUBEpCHTET, baky, AsepOaiimkan
MuHTIYEBUPCKHUH TOCY IapCTBEHHBIN YHHBEPCUTET, MUHTSIEBHp, A3epOaiimkan

AHHoTanus. B cratee cooOmaercs o pe3ynprarax SKCIIEPUMEHTOB 110 3KCTPAKIIMOHHO-CIIEKTPO()OTOMETPHUIECKOMY
aHalIM3y JBYX CHCTeM cHcTeMax, conepxammx Bodabdpam (VI), 2-rugpoxcu-5-xmopruodenon (H.L) u 2-(N,N-
naumeTunaMuHomeTuin)-4-xnopdenon (AP') mnn 2-(N,N-gumerunamunomerun)-4-6pompenon (AP?). Tlpu koMIuekco-
obpazoBanuu ¢ H,L Bonbdpam (VI) BoccranarnuBaercs 10 Bojbdppama (V) caMuMm peareHToM. IToT (HakT MOATBEp-
x7aeH metogoM OINP-ciekTpomeTpun. DKCTpaKIysl CMEIIAHHO-TUIaHJHBIX KOMIUIEKCOB MakcuManbHa npu pH 4,1-5,2.
MakcrMyMBI TIOTJIONIEHUS] cMelanHo-MranHoro komiuiekca W(V)-L—-AP1,2 nexar B nuanazone 476-480 um. Mo-
nspHble K03 duimenTsl mornomenus coctapnsior (2,0-2,8)-10%. OntumanbHoe konmuuecTBo AP 11t MakcMMaIbHOTO
CBSI3BIBAHHS aHUOHHOTO THAPOKCIIBHOTO THO(PEHONATHOrO KoMIuiekca Bomb(pama [W(V)-L] B HOHHBIN accommat
OIIPENETANOCh IMyTEM BapbHPOBAaHHA KommdecTBa nobasneHHoro AP. Jlns o6paszosamms kommiekca W(V)-L-AIT"?
Tpedyercs kKoruenTpanus 1,2-107 mons/m HoL u 2,0-1073 moms/n AP'2 B pactBope. Kommuekcnsie coemunenus W(V)—
L—AP"? cTaGuibHbI B BOAHBIX U OPIaHMYECKUX PACTBOPHMTEISX M HE PA3NATAIOTCA B TEYEHHE TPEX CYTOK, & MOCHE IKC-
Tpakiuu — 6osiee Mecsa. MakcuManbHOE TOTJIONICHNE TOCTUTaeTcsl B Teuenne 5—8 MuH. 3akoH bepa coOmomaercs B
nuamazone kKoHueHtparuii 0,10—18 mxr W(V)/mi1. Meron ¢cBoboaeH oT o0mmx momex. IIpeaioKeHHbIH MeToa ObLT
IPUMEHEH IS OIpeIesiCH sl BOJIb(hpaMa B CTaIM U 00pasiiax MOYBHI.
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Determination of trace metal ions is very im-
portant in the context of environmental protection,
food and agricultural chemistry and high purity
materials, and also for monitoring environmental
pollution. Several sensitive methods have been
developed for the determination of metal ions.
Flame atomic absorption spectrometry (FAAS) has
been widely used for the determination of trace
metal ions because of the relatively simple and
inexpensive equipment required. However, direct
determination of metal ions at trace levels by
FAAS is limited due to their low concentrations
and matrix interferences [1]. Preconcentration and
separation methods have been routinely used to
eliminate matrix effects and cope with low metal
levels [2].

Currently, the widely used techniques for pre-
concentration and separation of trace metals in-
clude liquid-liquid extraction [3, 4], ion-exchange
[5, 6], coprecipitation [7—8], solid-phase extraction
[10-15], flotation [16], electrochemical deposition
[17], and cloud point extraction [18].

Spectrophotometric  methods [19-23] are
among the most precise instrumental methods of
analysis for the determination of elements in trace
amounts. These methods are remarkable for their
versatility, sensitivity and precision. In these meth-
ods, a very extensive range of concentrations may
be covered for the trace analysis of the elements.

The direct determination of tungsten in various
matrices such as geological samples, steels, natural
waters, etc. has presented some problems, due to
the low tungsten content and large concentration of
accompanying elements. Many preconcentration
and separation methods have been used for the de-
termination of tungsten at low concentrations, such
as liquid-liquid extraction [19, 20], adsorption [21]
and ion exchange [22, 23].
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There are various spectrophotometric methods
which suffer from low sensitivity, non-selectivity
and complexity in the procedures for the determi-
nation of tungsten in trace amounts using thiocya-
nate, vanadophosphoric acid as ligands [24]. Many
organic reagents have been used as analytical rea-
gents for spectrophotometric determination of
tungsten but most of these are not suitable for rou-
tine analysis of the metal ion due to one or more of
the above drawbacks [19, 21, 24].

This prompted us to search for new and more
advanced methods and accordingly we synthesized
a very effective reagent  2-hydroxy-5-
chlorothiophenol (HzL), which was used as a com-
plexing agent for spectrophotometric determination
of metal ions in order to meet the above require-
ments [25-35].

In the present paper, we report results from lig-
uid-liquid extraction-spectrophotometric experi-
ments on 2 different systems, each of which con-
taining W(VI), a H,L and an aminophenols (AP'?)
(as aminophenole 2-(N,N-dimethyl-aminomethyl)-
4-chlorphenol  (AP') and  2-(N,N-dimethyl-
aminomethyl)-4-bromphenol (AP?) were used).

The procedure has been applied satisfactorily to
the determination of tungsten in soils and plants
samples.

Experimental

Reagents and solutions. A standard stock solu-
tion (100 mL) of tungsten (VI) containing 1 mg ml
! of the metal ion is prepared by dissolving an ac-
curately weighed amount (0,179 g) of sodium
tungstate in distilled water. The concentration of
the tungsten solution was adjusted gravimetrically
by sedimenting tungsten in the form of HyWO, and
weighing WO; [21, 24]. Lower concentrations at

pg/ml (10, 20, 50 and 100) level are prepared by

suitable dilution there from.
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Chloroform was purified by washing with conc.
H>SO4 and shaking with distilled water followed
by washing with a 5% solution of NaOH. Chloro-
form is used for extraction of W(VI)-L-AP'?
complex. HoL is prepared by reported methods
[36] as follows.

An optimum acidity was created by means of
0,01 mol/l HCl or an ammonium acetate buffer
solution.

Instrumentation. The optical density of the ex-
tract was measured on a KFK-2 and SF-26 with a
cuvette thickness of 0,5 and 1,0 cm, respectively.
The pH of the solution was measured on an 1-120.2
device. IR spectra were recorded on a Bruker spec-
trophotometer. L was analyzed on a Shimadzu LC-
10AD liquid chromatograph and a PE SCIEX API
150EX mass spectrometer. The purity of the com-
pounds obtained was controlled by TLC.

Procedure. Portions of a working tungsten so-
lution, 0,1 to 0,8 ml with an increment of 0,1 ml,
1,0-2,0 ml of 0,01 mol/l HCI, and 0,3-0,5 ml of a
0,01 mol/l H,L solution were placed in calibrated
test tubes with ground stoppers. The mixture was
stirred thoroughly for 5 min to reduce tungsten,
and 2,0-3,0 ml of a 0,01 mol/l solution of AP!*
was added. The volume of the organic phase was
adjusted to 5 ml with chloroform, and the volume
of the aqueous phase was brought to 20 ml with
distilled water. After the formation of the hydroxy-
thiophenolate complex of tungsten, it was extract-
ed, and the absorbance of extracts was measured
by a KFK-2 photoelectrocolorimeter at 490 nm.

2-hydroxy-5-chlorothiophenol [36]. Yield 89
%. IR spectrum, v, cm™:1580 (CsHs), 2570 (SH),
3460 (OH). 'H NMR spectrum (CDCl;), &, ppm:
5,70 (s, 1Hon), 3,40 (s, 1Hsn), d.d. 7,05 (s, Har),
6,25 m (s, 2Ha;). Found, %: C 43,79; H 3,64; O
9,17; S 19,15; C1 22,08. C¢HsOSCI. Calculated, %:
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C 44,85; H 3,11; 0 9,97; S 19,94; Cl 22,12. UV
spectrum (CHCl3), Amax, nm: 283.

General procedure for the synthesis of com-
plexes 1 and 2. W(V) complexes were obtained by
the exchange reaction between tungsten (V) salt L
and AP'2. For this purpose, the prepared solution
of L and Am'? in ethanol was added to 10 ml of an
salt Na,WOg4 :2H,O
(0,145 g, 672 mmol). The solution was stirred at
60°C for 25 min. After 1 day, dark red crystals be-

ethanol solution of the

gan to precipitate. The crystals were filtered,
washed with ethanol and dried in a desiccator un-
der vacuum to constant weight. The yields were
0,029 ¢ for 1 and 0,034 g for 2.

Extractant selection. For the extraction of
complexes, we used CHCI3, C,H4Cl,, CCly, CgHe,
CeHs-CHs, CsHsCl, iso-C4sHoOH, iso-CsH11OH, n-
C4HoOH and their mixes. Extractability of com-
plexes was estimated in coefficient of distribution

(D) and extent of extraction (R%) [20, 21]:

[W]grg

D=——"t (1)
[W]aq
100x D

R :—Va 2
D+-—-*“

org

Chloroform, dichloroethane and chlorobenzene
appeared to be the best extractants. Fast division of
layers and the maximum value of molar coefficient
of absorption were received at extraction of com-
plexes by chloroform. After a single extraction
with chloroform about 97,8-98,4% of tungsten was
extracted as an ion associate. Further researches
were conducted with chloroform. The concentra-
tion of tungsten in the organic phase was deter-
mined with dithiol [19] by photometric measure-
ments after back extraction, while in the aqueous

phase it was determined by the difference.
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Results and discussion
The synthesis of 2-hydroxy-5-chlorothiophenol
is based on the decomposition of phenol disulfide

by reduction:

OH
5 + SCl) ——
+ 2HCI
Cl
—
Zn + HCl

L
2-Hydroxy-5-chlorothiophenol as a dibasic (H,L)
weak acid, depending on the pH of the environ-
ment, can be in molecular (H,L) and anionic forms
(HL", L*): pK; = 5,10; pK, = 10,6 and the pH of
the existence of the neutral form is 0,4-3,5 (A= 283
nm).

Studies on the oxidation state of tungsten. In
acidic medium, H,L exhibit reducing properties
[29, 37, 38]. Hence, in the complex formation with
HoL, W (VI) is reduced to W (V) by the reagent
itself. This fact was confirmed by ESR spectrome-
try [37].

Determination of the charge sign of the com-
plexes. The present study is concerned with the
investigation of W (V) interaction with H,L, result-
ing in the formation of colored complexes insolu-
ble in nonpolar solvents. To determine the sign of
the complex charge, ion exchange chromatography
was used: AV-17 anion exchanger in chloroform
absorbs a part of solution; the chromatographic
column is colored in orange, and tungsten is not
detected in the filtrate. The anion complex is ex-
tracted in the presence of a hydrophobic amine,
wherein the complex stability increases, and the

color becomes more saturated. To neutralize the
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charge of the anion complex, aminophenol is used
as a hydrophobic amine, which transforms into a
aminophenol ion in acidic medium that is:

OH OH

N(CHy); n N(CHs),

H ——
Cl(Br) CI(Br)
(AP'?) (AP'2H")
Influence of aqueous phase pH. The study of
the dependence of complexation on pH showed
that the yield of W(V)- L -AP"? is maximum at pH
4.1-5.2. The optimum acidity range for the W(V)-
L-AP; (1) and W(V)-L-AP, (2) complexes is at
PHopt. 4.3-5.2 (pHform. 2.2-6.9) and pHop:. 4.1-5.0

(pHform. 2.0-6.8), respectively (Fig. 1, Table 1).

0.3

by

021

Fig. 1. Influence of aqueous phase pH=1 (/), 2 (2):
Cwevy=1,09-10° mol/l, C;=1,2-1073 mol/l,
Cap=2.0-102 mol/l, KFK-2,1=0,5 cm

Absorption spectra. Tungsten complexes 1
and 2 have maximum absorption at 480 nm and
476 nm, respectively (Fig. 2). While ligand L has
maximum absorption at 283 nm. Bathochromic
shifts are calculated by the formula A = Awv)L — AL
and are 197 nm for 1 and 193 nm for 2. Contrast of
reactions was high i.e. initial reagents are colour-
less while complexes are intensively painted. The
molar absorption coefficients are e4z0 = 2,0-10 for

1 and €476 — 2,8' 104 for 2.
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Fig. 2. Electronic spectra of the ligand and W(V)-L-AP'?complexes: (/) L, (2) 1, (3) 2.
Cwevy = 1.09x10°M, C1=1.2x1073M, Cap = 2.0x1073M, SF-26.

Reagent concentration and holding time. The
effect of L concentration on the completeness of
complexation was studied at an optimal pH value
and a constant concentration of tungsten and AP'~,
The optimal amount of AP"* for maximum binding
of the anionic hydroxyl thiophenolate complex of
tungsten [W(V)-L] in the mixed ligand complex
(MLC) was determined by varying the amount of
added AP'2. The formation of MLC W(V)-L-AP'?
requires a concentration of 1,2-10~ mol/l H,L and
2,0-107 mol/l AP'? in solution. MLC W(V)-L-
AP'? were stable in aqueous and organic solvents
and did not decompose for three days, and after
extraction — for more than a month. Maximum ab-
sorption was achieved within 5-8 minutes. Phase
volume ratios of 5:5 — 115:5 did not affect the re-
covery. This allows for simultaneous concentration
and extraction-spectrophotometric determination
of W(V).

Compliance with the fundamental law of light
absorption is achieved at Cwwv)= 0,10-18 pg/ml
(Fig. 3). The equations of calibration graphs were
calculated: y = 0,273x + 0,041 (for the complex 1)
and y = 0,291x + 0,048 (for the complex 2), re-
spectively. Some analytical characteristics of

W(V)-L-AP"? complexes are given in Table 1.
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Fig.3. Calibration graph: (1) 1, (2) 2.

Stoichiometry of the complexes and the
mechanism of complexation. The stoichiometry
(W*" :L:AP'? = 1:2:2) of the complexes was de-
termined using the equilibrium shift and Asmus
straight line methods [39].

When forming complexes, the coordinating ion
is the W>". The number of protons displaced from
one H,L molecule is 1. [WOCIL;](AP*H),does
not polymerize in chloroform (y = 0,95-1,09).

The stability constant determined by crossed
lines method. The stability constant of the com-
plexes at room temperature was calculated: it
turned out to be equal to IgB = 11,97 (for com-
plex 1) and 1gB = 11.25 (for complex 2).The IR



Tungsten (VI) Complexes with 2-Hydroxy-5-chlorthiophenol ...

spectra of the complexes [WOCIL,](AP:H),, in the
field of 780-810 cm', there is an intensive strip of
absorption caused by valent vibration of group
[O=W-CIJ** [29]. The disappearance of a distinct
strip at 2580 sm™, observed in ranges H,L and
shows that sulfhydryl groups participates in for-
mation of a complex. Observed reduction of inten-
sity of a strip of absorption in area of 3200-3600
sm™, with a maximum at 3455 sm™, emergence of
a wide strip in area 3050-3150 sm™' shows that the
hydroxyl group takes part in formation of coordi-

nation communication in the ionized state. Detec-

tion of strips of absorption at 2385 cm™ indicates
availability of the protonated AP' [40].

In a highly acidic medium, there are various
cationic forms of W (V) in the solution, with dom-
inating WO®* ion. In hydrochloric acid solutions,
this ion can react with CI” to form complexes and
WOCI**, similarly to molybdenum [37]. The num-
ber of protons replaced by tungsten in one H,L
molecule appeared to be two. Given the found
component ratio in the complex and an ionic state
of tungsten, it was assumed that upon complexa-

tion, the following reactions proceed:

HO e
Cl
wocRkt  +2 j@\—> \\|;\|// )]
HS Cl y.d |\
O ¢ S Cl

PR

OH
sC 0 o
X
W, + 2
o a s Cl (Br)
z OH
s O o N
Mo ooli[oaat
_—
O «a s CI(Br) 5
Table 1.
Analytical characteristics of [WOCIL,](AP'?H), complexes
Parameter 1 2
n Formation 2,2-6,9 2,0-6,8
P Optim. 4352 4,1-5,0
R, % 98,4 97,8
A, nm 480 476
e10* 2,4 2,3
Y 1,05 1,06
1gKeq 9,82 10,17
ngex 13,78 14,12
1gp3 11,97 11,25
Beer's law execution interval, pug/5 ml 0,5-90 0,5-85
y=ax+b 0,273x + 0,041 0,291x + 0,048
Sandell’s sensitivity, pg cm™ 0,0033 0,0034
Limit of detection, ng ml’' 11 12
Limit of quantificat ion, ng ml™' 36 40
Correlation coefficient 0,9987 0,9974
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From Egs (1) and (2), one can judge the reac-
tion mechanism: W (VI) is reduced by H>L in a
HCI medium to W (V), and the latter in the form of
a chloride complex cation interacts with excess
H,L. The resulting anionic complex [WOCIL,]* is
reacted with AP, which the acidic solution is in the
protonated state (APH"). The composition of the
complexes can be represented by the formula

[WOCIL,J(AP"*H),:

OH

(0]
ook ¢
LARN
O crs il a )
1
S 0) OH
Cl@[ NV N*(CH,),
W,
O/ [ \S cl
Cl Br 5
2
Thermogravimetric  study of [WOCIL;]

(AP'?H), complexes showed that thermal decom-
position of the complex occurs in three stages: at
60-120°C water evaporates (weight loss 3,75%
for 1, 3,16 for 2), at 340-390°C Am decomposes
(weight loss 38,66% for 2, 39,43), and at 490—
510°C — L (weight loss 33,04% for 1, 39,03 for 2).
The final product of thermolysis of the complex is
WO:;.

Extraction and equilibrium constants. The

complexation reaction can be predicted as follows:

W+ 2H,L + 2APH™ & [WL,]J(APH),+ 2H"  (3)
Equilibrium constant (K.q) of the reaction:
o AWLIAPD oy
WSt g {[HL] S g {[APH* ]2}y
— {[WLZ](APH)Z[H+]2}org -1 Ax (5)
T W g (MLTag CAc— Ay
Keg = D 6
°a = TAPHT]?’ (6)
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where, A, — is the optical density for a given exper-
iment; A, — is the optical density for complete
binding of the cobalt ion into a complex.
Taking the logarithm of equation (6), we obtain
1gKeq = 1gD — 21g[APH"] (7)
The value of the extraction constant (Kex) can be

calculated from equation (8):

K = {{(WL,]1(APH)2}org _
AW Borg {[HL]}org {[APH12} 5
= 0 ®)
 {[HL]?}org{[APH*]?}4rg
D
Kex = €©)

{[HL]?}org {[APH*]?} 07

Taking the logarithm of expression (9), we obtain
1gKex = 1gD —2Ig[HL] —2Ig[APH] (10)
The values of K¢ and K, calculated using
formulas (7) and (10), respectively, are given in

Table 1.

Influence of foreign ions. It is determined that
large amounts of alkali, alkaline earths, and rare
earth metals and fluorides, chlorides, and sulfates
do not interfere with the determination of tungsten.
The interfering effect of Fe (III) was eliminated by
introducing a 20% solution of SnCl, before the
addition of the reagent; the effect of Ti (IV) was
removed by adding ascorbic acid, and Cu (II), by
thiourea. Mo (VI) is acidic medium is reduced with
H,L to Mo (V), which is masked by the addition of
EDTA. Because tungsten forms a complex in a
more acidic medium than vanadium, tungsten can
be determined the presence of large amounts (50
ug) of vanadium.

The proposed method compares favourably
with the existing ones (Table 2) and offers the ad-
vantages of better simplicity, rapidity, sensitivity

and selectivity [19-24].
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Table 2.
Comparative characteristics of tungsten determination methods
Reagents pH A, nm g, 10* Reference
Toluene-3,4-dithiol 1,5-2,0 640 1,92 19,24
8-Mercaptoquinoline 0,5-3,0 412 0,367 19,24
8-Hydroxyquinoline 4,4 363 0,64 19,24
KSCN 10 mol/l HC1 405 1,51 19,24
CHPB* 0,49-1,39 420 3,125 23
HPMPPB* 1,0 430 2,2 20
H,L -AP, 4,3-5,2 480 2,8 This work
H,L -AP; 4,1-5,0 476 2.4 This work

*CHPB — 6-chloro-3-hydroxy-2-phenyl-4-oxo-4H-1-benzopyran, HPMPPB — 3-hydroxy-2-[1’-phenyl-3'-(p-methyl-

phenyl)-4'-pyrazolyl]-4-oxo-4H-1-benzopyran.
Analytical applications
Determination of tungsten in steels. 0,1 g
weighed sample of steel [composition steel EU-
45, %: 0,24 C, 0,60 Mn, 0,03 Si, 3,30 Cr, 0,50 Ni,
0,50 W, 0,50 Mo, 0,30 V, and the rest of Fe] was
dissolved under heating in 4 ml of freshly prepared
mixture of HCl and HNO; (3: 1) in the presence of
a few drops of HF. After dissolution, 0,5 ml of
HCOOH is added, and the mixture is heated until
the decomposition of HNOj3; occurs. After cooling,
the mixture is transferred to a 50 ml volumetric
flask and diluted up to the mark with water. An
aliquot portion of the resulting solution is trans-

ferred to a separatory funnel; 3,0 mL of 0,01 mol/l

HCI and 0,3-0,5 ml of a 0,01 mol/l H,L solution
were added, and, after thorough mixing, 2,0-3,0 ml
of a 0,01 mol/l AP'* solution was added. The vol-
ume of the organic phase was adjusted to 5 ml with
chloroform, and the volume of the aqueous phase
was brought to 20 ml with distilled water. The
mixture is shaken for 5-8 min. After layering of
the phases, the absorbance of extracts is measured
using a KFK-2 photocolorimeter at 490 nm in cu-
vettes of 0,5 cm in thickness. The tungsten concen-
tration is found from the calibration curve. The
results of the determination of tungsten in steel
demonstrate the reliability of the proposed proce-

dure (Table 3).

Table 3.
Tungsten content in steel and samples soil determined by different methods (n=5, P=95%)
Analyzed object Method Sigll;g,li}o X+ t,:/ES S
Toluene-3,4-dithiol 0,50 0,50 +0,138 0,022
Tungsten content in steel 8—Mercaptoqu.inol.ine 0,52 0,52 £0,119 0,025
(EU-45: 0,50 % W) 8-Hydroxyquinoline 0,49 0,49+0,210 0,017
’ H,L-AP; 0,51 0,51+0,112 0,019
H,L-AP, 0,48 0,48+0,110 0,012
Toluene-3,4-dithiol 4,65 (4,65-10%) = 0,064 0,039
Tungsten content in soil 8-Mercaptoquinoline 4,53 (4,53-10%) + 0,057 0,033
(X-10* o ) 8-Hydroxyquinoline 4,92 (4,92:10% + 0,038 0,024
’ H,L-AP; 4,85 (4,85-10% + 0,026 0,026
H,L-AP, 4,49 (4,49-10% + 0,037 0,019

Determination of tungsten in soils. The pro-

posed procedures for the determination of tungsten
were applied to its determination in light-chestnut

soil from the Caspian zone. A 0,5 g weight was
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finely ground in an agate mortar and calcined in
muffle furnace for 3 h. After cooling, the sample
was treated and dissolved in a graphite cup in a

mixture of 16 ml of HF (conc.), 5 ml of HNOs
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(conc.), and 15 ml of HCI (conc.) at 50-60°C to
remove excess hydrogen fluoride. A further 8 ml
portion of HNOs3 (conc.) was added triply to the
solution that was each time evaporated to 5-6 ml.
After that, the solution was transferred into a
100 ml volumetric flask and its volume was
brought to the mark with distilled water. Tungsten
was determined in aliquot portions of the solution
using the proposed procedures. The accuracy of the
results was checked by three independent methods.
The results are listed in (Table 3).
Conclusion

MLC of W (V) with H,L and AP'? have been
studied by spectrophotometry. Extraction of MLC
is maximal at pH 4,1-5,2. The optimal conditions
for the formation and extraction of MLC have been
found. The molar ratio of the reacting W(V), H.L
and AP'? species is 1:2:2. The general formula of

the MLC is [WOCIL,](AP'?H),. They can be re-

garded as ion-associates between doubly charged
anionic chelates [WOCIL,]* and protonated AP'?
species. The developed method retains specific
interaction of W (V) with H,L and AP'? to form a
colored complex and has good sensitivity. The
proposed method has significant advantage over
the other spectrophotometric methods in terms of
simplicity and sensitivity. Hence, in the complex
formation with H,L, W (VI) is reduced to W (V)
by the reagent itself. This fact was also confirmed
by ESR spectrometry. CHCl;, CCls, C;H:Cly,
Ce¢Hs, Ce¢Hs-CHj, iso-CsHoOH, iso-CsHOH, n-
C4HoOH and their mixtures were tested as extract-
ants. CHCI; demonstrated the best result; it was
used in further experiments. Beer’s law is obeyed
over the concentration range 0,10-18 pg ml’
W(V). The proposed method were applied to the
determination of tungsten in steel and samples of

soil.
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